This paper tests for a sulfur Kuznets curve by examining the sulfur emissions per capita-GDP per capita relationship individually, for 25 OECD countries over 1950-2005 using a reduced-form, linear model that allows for multiple endogenously determined breaks. This approach addresses several important econometric and modeling issues, e.g., (i) it is highly flexible and can approximate complicated nonlinear relationships without presuming a priori any particular relationship; (ii) it avoids the nonlinear transformations of potentially nonstationary income. The predominant post-1950 income-sulfur emissions relationship-the case for 24 of the 25 countries studied-was either (i) inverted-Vs, where the emissions-income relationship became negative, or (ii) decoupling, where income no longer affected emissions in a long-run, statistically significant way. Seventeen of the 21 transitional breaks uncovered occurred over 1965-1978; hence, in concert with previous work, we conclude that shared timing among countries is important in income-environment transitions.
Introduction
Sulfur dioxide causes adverse local health effects and is one of the precursors of acid rain; hence, because people demand better environmental conditions as income rises, sulfur dioxide is the type of pollutant for which one might expect to find an inverted U-shaped relationship with income-a so-called Environmental Kuznets Curve (EKC). Indeed, the earliest EKC papers considered either sulfur emissions or concentrations, and those papers often estimated within-sample income turning points (Grossman and Krueger 1991; Shafik 1994; Selden and Song 1994) . However, more recent work (Stern and Common 2001; Perman and Stern 2003; Wagner 2008; Vollebergh et al. 2009; and Stern 2010) has called into question those earlier results by rejecting an inverted-U relationship between sulfur emissions and income, despite that Stern (2006) noted a decline in the global trend of sulfur emissions. This paper contributes to the sulfur Kuznets curve literature by examining the incomesulfur emissions relationship individually for 25 OECD countries using endogenous breaks modeling. In doing so, we address or avoid several important issues that have historically plagued the EKC literature (we believe this is the only paper to address/avoid all these issues simultaneously). Specifically, our approach (i) fully addresses the integration and cointegration properties of the data using recent, sophisticated econometric techniques (Stern 2004) ; (ii) avoids the pitfall of performing a nonlinear transformation on integrated income (Wagner 2008) ; and (iii) focuses on the time-series data of single countries, and thus, addresses the crucial question of a specific country's evolution of its income-environment relationship (as recommended by Stern et al., 1996) . More to that last point, de Bruyn et al. (1998, p.173) argued that "the EKC, as estimated from panel data does not capture dynamic processes well enough to justify the claim that economic growth is de-linked from environmental pressure in individual countries." Moreover, regime change (modeled via an endogenous break) is arguably a more realistic model of emissions-income transitions than smooth, continuous curvature. Importantly, our paper is one of a recent strand in the literature to shed the restrictive polynomial model in favor of a flexible functional form approach. Additionally, by analyzing countries individually, we avoid the issues of cross-sectional dependence (Wagner 2008) and heterogeneity (Dijkgraff and Vollenbergh 2005).
Literature review
Besides producing contrary results, the EKC literature has been criticized along several lines (e.g., Stern 2004; Wagner 2008; Vollebergh et al., 2009; Carson 2010) . Hence, in this brief review we discuss what we surmise is the state of the art in EKC/sulfur emissions-income modeling.
1 A few sulfur EKC papers have avoided the restrictive polynomial regression by applying a semi-parametric regression estimator (e.g., Millimet et al., 2003; Bertinelli and Strobl 2005) . While this approach represents an improvement in terms of flexible functional forms, given its semi-parametric nature, the resulting estimates cannot be subjected to standard statistical tests (e.g., t-tests).
2 Also, semi-parametric methods, like parametric ones, must address nonstationarity in the regressors (and developing semi-and nonparametric methods are a nascent area of econometric research). Thus, Bertinelli and Strobl (2005) ultimately analyzed a first difference model, which (i) has a different interpretation than a model estimated in levels; and
(ii) in their case, produced results that were much less definitive-monotonicity was not demonstrated clearly. emissions, income, and income transformed (although raised to a power less than two) do not cointegrate either, and thus, estimates involving those terms could be spurious as well.
The only recent, single country, time-series based analysis of sulfur emissions we know of is Fosten et al. (2012) , who focused on the UK. Fosten et al. uncovered evidence of an inverted-U using nonlinear threshold cointegration and the typical polynomial model (without any apparent adjustments for the nonlinear transformations of integrated income). Therefore, it appears that our approach makes an important contribution to the sulfur emissions-EKC literature, because it (i) analyzes OECD countries individually; (ii) considers both unit roots and cointegration; (iii) at the same time avoids a nonlinear transformation of integrated income; and (iv) still fully allows for flexibility in functional form.
Data and Methods

Data
We analyze the SO 2 emissions per capita and real GDP per capita relationship for 25 advanced/OECD countries. 4 Figures 1 and 2 plot for those countries the long-run emissions per capita and GDP per capita series, respectively, in natural logs. 5 The figures clearly indicate why the consideration of breaks is important: for all countries the emissions series display breaks around the two World Wars (e.g, 1914 Wars (e.g, -1921 Wars (e.g, and 1943 Wars (e.g, -1945 ; in addition to breaks during those two periods, all countries display a substantial break in GDP per capita around the Great Depression (e.g. , 1930-1939 ). Yet, allowing for endogenous breaks involves an information trade-off; indeed, Harvey et al. (2013) , Kejriwal and Perron (2010) , and Kejriwal and Lopez (2013) recommended allowing for a maximum of two structural breaks (and considered over 100 time observations). But if we restrict our analysis to allow for no more than two endogenous breaks, such breaks likely would/may be calculated to occur before 1950 for most countries. However, the period beginning in 1950-an era of substantial economic growth and development for the countries considered-is exactly the time in which we might expect to observe emissions-GDP transitions. Therefore, we restrict our sample to 1950-2005, and use SO 2 emissions per capita data from the NASA Socioeconomic Data and Applications Center (Smith et al., 2011) and real GDP per capita data from the Penn World Tables (Heston et al., 2012) .
(Both series are transformed into natural logs.)
Figures 1 and 2
Unit root tests with endogenous breaks
There are several unit-root tests that allow for structural breaks. Kejriwal and Perron 
where DT t ( t) is a vector of indicator variables, 1(t > [tT])( t -[tT]), T is the sample size,
, is a set of sample fractions, m is the maximum number of unknown breaks, g = (g 1, …, g m ) are parameters associated with breaks, and u t is a mean zero stochastic error process. A trend break in series y t occurs at time [t 0,i T] when g i ≠0 (i= 1, …,m ), and it is assumed that the break 
Optimal timing of breaks and cointegration tests and estimation with endogenous breaks
Bai and Perron (1998, 2003) developed a method that allows for multiple endogenous structural breaks in stationary, trending regressors (but not I(1), cointegrated ones). To determine the timing of breaks Perron (1998, 2003) Yet, the Kejriwal and Perron (2010) stability test may reject the null of coefficient stability when the regression is a spurious one, i.e., not cointegrated; hence, the Kejriwal (2008) cointegration test with multiple breaks is used to confirm the presence of cointegration, i.e., reject the possibility of a spurious relationship. That test considers the relation
for i=1,…,k+1, where k is the number of breaks, z t is a vector of I(1) variables, T 0 = 0, T k+t = T, and the third term on the right-hand-side of the equation includes p number of lags and leads of the first difference of the regressors to account for the potential of endogeneity. The resulting test statistic is defined as:
where l i = (T 1 /T,…,T k /T), i.e., the sample fractions associated with i=1,…,k breaks, W i,j is the long-run variance of u t for j=1,…,k, and T 1 ,…,T k are recovered from dynamic programming, as in Bai and Perron (2003) .
Since the cointegration test is a confirmatory test, for each cross-section, only the number and timing of breaks determined by the sequential procedure and information criteria are considered in the cointegration test. If cointegration is confirmed, the different regimes are estimated similarly by assuming the previously determined number and timing of breaks. Table 1 Again, to determine the number and timing of breaks, we consider two information/decision criteria, i.e., the sequential method of Kejriwal and Perron (2010) and the LWZ criterion. If the sequential method did not determine a break, we went with the number of breaks determined by the LWZ (as in Kejriwal 2008) . If the two criteria suggest different, nonzero number of breaks, we consider both possibilities (a case that only occurred for Poland and UK). The null hypothesis of cointegration was never rejected. Italy, Japan, Luxembourg, Netherlands, Norway, Portugal, Sweden, and USA), a positive significant relationship between income and emissions was followed by a negative significant relationship after a break; whereas, for an additional three countries (Canada, Germany, and Korea), an insignificant relationship between income and emissions was followed by a negative significant one after a break. Poland displays evidence of both of those phenomena (significant positive followed by significant negative relationship and insignificant followed by significant negative relationship), depending on whether one or two breaks are considered. If two breaks are considered, the UK tracks the insignificant followed by significant negative relationship pattern;
Results and discussion
but if only a single break is allowed, it has a negative relationship throughout, which accelerates after a break. Thus, sulfur Kuznets curves (or inverted Us/Vs) were uncovered for 19 of the 25 OECD countries studied.
This substantial evidence of inverted-Us for sulfur provides an interesting contrast to Liddle and Messinis (2014) , who analyzed the income-carbon relationship for OECD countries employing the same methods used here. Liddle and Messinis found evidence of inverted-Us for carbon for only four of the 23 OECD countries they considered. Such a difference in results is not surprising since sulfur is a pollutant with local health and environmental impacts, whereas carbon is a global pollutant with likely future impacts of very uncertain ultimate magnitudes. Table 3 The sulfur emissions-income relationship in Greece displays decoupling as the relationship between the two series but is no longer statistically significant after the break in 
Conclusions
We used endogenous breaks modeling to examine the sulfur emission-income relationship for 25 OECD countries. We recommend this approach for studying potential nonlinear relationships because: (i) it does not impose a functional form a priori; (ii) it estimates elasticities for different regimes that are robust to nonstationarity and cointegration; and (iii) it avoids a nonlinear transformation of integrated income. We believe that these three issues have Notes: * indicates 5% significance level. m=number of breaks. 
